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Abstract 
The purpose of this article is to present the problem of flexible designing in the construction industry. When designing building structures, 
one must take into account the mutual interrelations between various systems and the readiness for changes during the lifecycle of 
building structures. The issue of flexibility is presented using the example of a buffer parking lot which was analyzed with regards to its 
economic efficiency, using a hybrid method and, simultaneously, the NPV method and a simulation. Traditional designing processes have 
certain shortcomings as they are most often based on one value, identified using deterministic methods, while flexible approach to design 
enables adopting infrastructure to the changing conditions occurring during its lifecycle. 
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1. Introduction 
The fast technological changes and the turbulent changes in the environment are factors that lead to significant 
difficulties in designing building structures and, in particular, elements of infrastructural systems. A typical example is 
transport infrastructure whose dynamic development is closely tied to economic growth. An important issue is preparation 
of a design for a project taking into account its readiness for changes during its lifecycle. Flexible design provides the 
opportunity to adopt the designed structure to possible changes. Given the long lifecycle of transport infrastructure, the 
changes in the operating conditions (e.g. the traffic load), the requirements that it has to meet (e.g. increased allowed values 
of parameters), and the development of new technologies [1-2] and maintenance strategies [3], as well as the process of 
destruction [4], changes are sure to happen but it is hard to determine when they will happen and what the real values of the 
parameters will be. This justifies adopting a new approach that is based on flexibility defined as possibility (as opposed to 
requirement) to introduce certain options assuming a change in the configuration of the system’s parameters and its 
elements in time.  
The purpose of the article is to present a flexible approach to design in the construction industry. Due to the scale of 
operations, the analyzed case is a buffer parking lot which serves as an example of an element of infrastructure. In the 
lifecycle of structures of this type (which are often elements of larger systems, e.g. a motorway system, an airport system, 
etc.), it is necessary to take into account changes in requirements and parameters of supported processes over time. Usually, 
in the case of such solutions, a growth trend is assumed (e.g. gradual growth of the number of users of a buffer parking lot, 
the number of passengers using airports, the number of motorway users, etc.). However, the examples of sports 
infrastructure built for the EURO 2012 tournament demonstrate that other options also need to be taken into account. 
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2. The typical design process in the construction industry 
The typical design process in the building industry consists in gradual limitation of the number of design-performance 
scenarios (Fig. 1). 
 
Fig. 1. The design cone in the construction industry 
The design process in the building industry is usually based on the following assumptions: 
• the design is often based on one key value (e.g. the traffic load) and possible changes in time are not considered; 
• quite often this is an average value which provides very limited information on the actual values (it would be much more 
advantageous to define, for example, the range of possible values); 
• forecasting the future operating conditions in 10 or 20 years is extremely difficult due to the dynamically changing 
environment (e.g. changes in oil prices, fast technological changes – introduction of electric cars, cheap airlines, etc.). 
As a result, the designer, working to a specification and in compliance with relevant regulations and standards, and often 
with a limited budget imposed by the client, usually prepares a design with minimized options for adopting different 
scenarios. However, the further we are from the time when the decision is made concerning the design parameters, the more 
difficult it is to forecast the real requirements of the system. Flexibility allows preventing situations when a structure no 
longer meets the requirements after a short time or, due to overly optimistic assumptions, is no longer suitable for the 
current needs (and generates losses). Uncertainty is the key element that makes flexibility valuable – it is uncertainty that 
creates possible losses and opportunities. 
3. Definition of flexibility 
Even though flexibility is a regular occurrence in our daily lives, it is very hard to present its precise definition in specific 
applications, in particular in the area of management in the construction industry. In general, a majority of the literature on 
flexibility focuses either on flexible manufacturing systems [5] or strategic management in organizations [6-7]. The 
important differences between these typical areas and the building industry are the different orientation of flexibility and its 
different object. In the case of the general area, flexibility is oriented toward customer’s requirements, while in the building 
industry it focuses on the environment’s impact (the performance and/or operation conditions). 
Of numerous definitions of flexibility, the following autothors should be mentioned: De Groote [8] who defines 
flexibility as a collection of physical possibilities corresponding to technological options; Upton [9] who defines flexibility 
as a capacity to change or respond, connected with small deterioration of effectiveness pertaining to time, outlays, 
expenditures, or results; Bucki and Persqueux [10] who define flexibility as ability to adapt to the current situation in a 
reversible manner; Wadhwa and Rao [11] who point at the fact that the most important aspect of flexibility is the ability to 
implement many scenarios, which facilitates making the right decision; Wiltbank et al. [12] who emphasize the shift of 
accent from improvement of planning to efforts to improve the forecasting ability and the agility in a changing environment; 
Lim at al. [13] who define flexibility as the ability to respond or readapt in a reversible manner, from the point of view of 
time and methods, to the changing competitive environment; and Perminova et al. [14] who recommend achieving synergy 
by using simultaneously flexibility, lessons learned, and quick decision making in a response to an analyzed situation. 
What must be emphasized is the proposition that the implemented flexibility options must be reversible [13], which is 
hard to achieve if flexibility is implemented during the operation and maintenance phase (in particular when the shrink 
option is considered, defined as the opposite of the expand option). In this article, flexibility is defined as assumption of 
changes in a structure (or system) that may take place during its life cycle so as to enable its adoption to variable conditions 
in the environment. 
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4. Flexibility in design 
Table 1 shows the basic differences between a typical approach and the proposed flexible approach to infrastructure 
design.  
The first significant difference is the departure from the negative attitude toward risk. Flexibility enables simultaneous 
reduction of the likelihood of negative events (losses) and increase of the likelihood of positive events (opportunities). 
Another significant difference is the proactive attitude, which consists in preparing for possible changes as opposed to 
just waiting from them (and acting in response to a given situation). This is of particular importance given the long lifecycle 
of transport infrastructure elements and the inevitability of changes in systems of this type, due to internal and external 
uncertainty. The third element is connected with the aforementioned element and pertains to consideration of the possibility 
to implement changes (expansion should be considered as a standard, even though according to some experiences, e.g. no-
traffic zones in city centers, reduction of parameters in the lifecycle of structures should also be considered). 
            Table 1. Comparison between conventional and flexible approach to infrastructure design 
No. Conventional design Flexible approach to design 
1 Risk – as only one side of the distribution (negative) Risk and opportunity, also 
2 Reactive Proactive 
3 Design to specification Design for change 
4 In technical space Technology and economy management in engineering systems 
The fourth element of the comparison is broadening the decision-making analysis to go beyond the typical technical 
criteria. In particular in the area of transport infrastructure it is necessary to consider management and economics from the 
point of view of systems engineering. 
5. Flexibility at different phases of the lifecycle of a system/building structure 
Based on the variable levels of uncertainty at the different phases of the lifecycle of building structures, one can identify 
the typical trend to maximize its value at the design phase and at the phases before it. It appears that many publications 
neglect the importance of the operation and maintenance phase which, due to the long lifecycle and the difficulties in the 
estimation of the operation and maintenance costs (e.g. the energy costs) must also be considered (Fig. 2). Of course the 
level of uncertainty at the individual phases is different in different cases, but the design phase is of key importance to the 
project because, by allowing various flexibility options, it enables adaptation to the variable conditions also at future phases 
of the lifecycle.  
 
Fig. 2. The cone of uncertainty in construction projects 
Examples of implementations of flexibility at various lifecycle phases include: 
• elaboration of a concept of the synergy in a mass transit system of a city (e.g. a fast tram, a suburban rail system, a 
subway) (forecasting new options);  
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• elaboration of a single-family home design taking into account possible enlargement (e.g. adaptation of the attic) 
(development option); 
• elaboration of a design taking into account various material options (construction material options);  
• elaboration of different options of assembly of a glass facade, depending on the wind speed (different technological 
options); 
• designing heating equipment so as to enable using different fuels during the operation of the heating system (fuel 
options). 
6. Flexibility implementation effectiveness measures 
The basic problem in this case is the evaluation of the benefits of implementation of flexibility in of infrastructure 
designs. This problem can be eliminated by using various methods. The typical methods are [15-17]: net present value 
(NPV), real options analysis (ROA), discounted payback (DPB), net present value (NPV), internal rate of return (IRR), 
modified internal rate of return (MIRR), average accounting return (AAR), profitability index (PI), weighted average cost of 
capital (WACC), etc.  
Of the above methods, the ones that are used the most often [16] are the NPV and the IRR. The NPV method can be 
considered as the most traditional; it is enjoys a good opinion because of the fact that it takes into account changes in the 
value of outlays in time. It can be used to determine the total value of the future cash flow (CF) generated by the project in 
question. In order to analyze all future cash flows, one can transform their value into the current value in accordance with 
the principle of changing value of money in time. The NPV method determines the future net current value of a project as a 
sum of all the future cash flows in a given period, discounted by an appropriate percentage, after deduction of the initial 
outlays on the project [18]: 
 1 2
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+ + +⎣ ⎦
  
where: CF – cash flow; r – discount rate; I0 – initial outlays. 
A clear advantage of the NPV method is that it enables calculating the generated cash flows and determining whether the 
asset is able to generate such flows. Another important advantage is the possibility to determine the future actions of a 
business. The biggest disadvantage of the net present value method is the difficulty with estimating the costs of capital and 
the market value of the capital. 
In the case presented here, the NPV value was determined based on the Monte Carlo simulation for three scenarios 
(OPTY, NORM, and PESY) calculated in an EXCEL spreadsheet. An inspiration for this case study were examples of 
application of flexibility[19-20]. 
7. Case study 
The case of infrastructure design presented here pertains to a buffer parking lot to be built in connection with the 
construction of a fast tram terminal and a bus station in its vicinity. The proximity of a railroad line and two shopping 
centers will most likely lead to a growth in the number of persons leaving their cars and using various means of transport 
and/or going shopping.  
For the purpose of illustrating the advantages of implementing flexibility, two scenarios of the project were prepared: 
A. Construction of a parking lot with 900 spots at one time, regardless of the demand (the BigOne option); 
B. Construction of a parking lot with 300 spots at first with the option to enlarge it by adding modules with 300 parking 
spots depending on the demand (the StepByStep option).  
The basic parameters of the two options are: 
• the operation and management cost, equal to $63.00 per unit-year for the BigOne option and $65.00 per unit-year for the 
StepByStep option; 
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Fig. 3. Graph of the NPV relation for the two options 
• the investment cost, equal to $98,000.00 for the BigOne option and $33,000.00 for the StepByStep option (in both cases 
EU financing on the level of 83% was assumed); 
• the price of a parking ticket, equal to $219 per unit-year for both options; 
• the discount rate, equal to 12% for both options. 
Three scenarios regarding possible changes of the demand, shown in Table 2, were analyzed. 
                                                                 Table 2. Demand scenario (average value for the simulation model) 
Year 
Scenario 
1 2 3 4 5 6 7 
OPTY 300 450 600 750 900 1050 1200 
NORM 300 400 500 600 700 800 900 
PESY 300 400 500 600 600 600 600 
 
The calculations were performed for a period of 7 years which, given the assumed subsidy covering 83% of the 
investment cost, enables achieving positive values of the NPV after a relatively short time. 
The results of the NPV calculations for both options, i.e. BigOne (no flexibility) and StepByStep (with the flexibility 
option) obtained as a result of the simulation for the NORM scenario are shown in Fig. 3. A comparison of the NPV values 
for both options indicates that the flexible option has a clear advantage. The NPV values for the BigOne are on a low level 
and are more scattered. The clear shift of the curve towards higher NPV values (to the right side of the diagram) and the 
concentration on the higher level confirms the idea of flexibility consisting in reduction of the potential losses and increase 
of possible opportunities. In the case in question, this consisted in limiting the capacity of the parking lot at the early phases 
of the project and in making the addition of new modules (300 units) dependent on an increase in the demand.  
8. Conclusions 
The grounds for flexible approach in designing infrastructure presented here as well as the criticism of the traditional 
approach in this area and the examples of applications presented here enable drawing the following conclusions: 
1. Of key importance to implementation of flexibility in designing in the construction sector is the proactive approach 
to replace the traditional reactive one; 
2. An important shortcoming of the traditional approach is that designs are based on one value (which is often an 
average value, calculated in a deterministic manner, which given the long lifecycle of building structures may lead to 
a situation where the structure is no longer adapted to the changing operating conditions; 
3. The use of simulation in calculating the NPV has turned out to be an effective method of estimating the outcomes of 
implementation of flexibility in the case presented here; 
4. The key elements that are important from the point of view of the effects of implementation of elasticity are:  
• the scale of the impact of uncertainty (the number of relevant factors and the scope of possible changes);   
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• the possibility to implement flexibility (the available flexibility options);  
• the phase of the lifecycle being considered (in general, implementation of flexibility in designs appears to be particularly 
advantageous due to a high potential of uncertainty). 
The results presented here prove that the method used is useful. In more complex cases, one must take into consideration 
the costs of implementation of flexibility (e.g. in the case of a parking superstructure). In the case study discussed here, one 
must take into account the costs of renewal of the construction procedure for the next stage (compared to the costs 
considered in the model, they appear to be extremely low). In future research a hybrid approach may be adopted, which will 
involve the use of other methods (advisory systems [3]), as well as multi-criterion decision making [21], [22-23] and risk 
management [24]. 
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